In animals, PIWI-interacting RNAs (piRNAs) repress transposons and other repetitive genomic sequences, ensuring genomic integrity and faithful transmission of the genetic material from one generation to the next. Expression of these 23-30 nucleotide-long small RNAs is generally restricted to the germline cells. They bind to "PIWI" proteins, a specialized subclass of the Argonaute protein family, whose members use small RNA guides to silence gene expression. In zebrafish and Drosophila, piRNAs are required for fertility in both males and females, whereas in mice loss of piRNAs results only in male sterility.
Piwi Proteins and piRNAs in Mammalian Spermatogenesis
In mice, the PIWI proteins, MIWI, MILI, and MIWI2, are differentially expressed during spermatogenesis. The piRNAs produced in the prenatal testis bind to MILI and MIWI2. For these fetal piRNAs, primary piRNA are predominantly sense (unlike antisense in flies) and are mainly derived from transposon mRNAs. These sense piRNAs bind to MILI and direct the cleavage of antisense transcripts to yield secondary piRNAs bound to MIWI2, a process known as "ping-pong" amplification. Although the early steps in piRNA production remain to be discovered, reciprocal ping-pong cycles of piRNA-directed, PIWI protein-catalyzed cleavage of piRNA precursors and target transcripts serve both to increase piRNA abundance and to bias piRNA populations toward antisense. MIWI2-bound antisense piRNAs can direct cleavage of transposon mRNA to generate additional MILI-bound sense piRNAs or to guide methylation of DNA transposable elements in the nucleus. Loss of MILI or MIWI2 results in increased transposon activity and the loss of spermatogonial stem cells. Pachytene piRNAs bind to MIWI and MILI and do not correspond to repetitive sequences; they appear during the pachytene stage of meiosis in spermatocytes. Loss of MIWI causes postmeiotic arrest of spermatids, which then fail to differentiate into sperm. MIWI, MILI, and MIWI2 also associate with PRMT5/WDR77, a complex required for symmetrical arginine methylation of PIWI proteins. This modification directs the docking of various Tudor proteins to mammalian PIWI proteins and is required for piRNAs to regulate transposons and to maintain germ cells.
Abbreviations E, embryonic day; Dpp, days post-partum; PIWI, P-element-induced wimpy testis protein; piRNA, PIWI-interacting RNA; PRMT5, protein arginine methyltransferase 5; WDR77, WD repeat domain 77; MVH, Mouse Vasa homolog; Mov10, Moloney leukemia virus 10 (Mouse Armitage homolog); Tdrd1, Tudor-related gene 1; Tdrd2, Tudor-related gene 2; Tdrd6, Tudor-related gene 6; DNMT3, DNA methyltransferase 3; KIF17b, testis-specific kinesin protein; Mael, Maelstrom protein; Sun1, lamin-A-binding protein; eIF3A, eukaryotic translation initiation factor 3A; eIF4E, eukaryotic translation initiation factor 4E; CP, Cap-binding protein complex.
